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ABSTRACT
Objective: Electronic consultations (e-consults) are clinician-to-clinician communications that may obviate face-
to-face specialist visits. E-consult programs have spread within the US and internationally despite limited data
on outcomes. We conducted a systematic review of the recent peer-reviewed literature on the effect of e-con-
sults on access, cost, quality, and patient and clinician experience and identified the gaps in existing research
on these outcomes.
Materials and Methods: We searched 4 databases for empirical studies published between 1/1/2015 and 2/28/
2019 that reported on one or more outcomes of interest. Two investigators reviewed titles and abstracts. One in-
vestigator abstracted information from each relevant article, and another confirmed the abstraction. We applied
the GRADE criteria for the strength of evidence for each outcome.
Results:We found only modest empirical evidence for effectiveness of e-consults on important outcomes. Most
studies are observational and within a single health care system, and comprehensive assessments are lacking.
For those outcomes that have been reported, findings are generally positive, with mixed results for clinician ex-
perience. These findings reassure but also raise concern for publication bias.
Conclusion: Despite stakeholder enthusiasm and encouraging results in the literature to date, more rigorous study
designs applied across all outcomes are needed. Policy makers need to know what benefits may be expected in
what contexts, so they can define appropriate measures of success and determine how to achieve them.
Published by Oxford University Press on behalf of the American Medical Informatics Association 2019. This work is written
by US Government employees and is in the public domain in the US.
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INTRODUCTION
Health care systems face increasing pressure to manage costs while
assuring access to care. Electronic consultations (e-consults) are in-
creasingly used as one way to approach this challenge. An e-consult
is an asynchronous consultative communication between clinicians
occurring within a shared electronic health record (EHR) or secure
Web-based platform. E-consults offer a way for referring clinicians
(usually primary care providers [PCPs]) to obtain rapid input from
specialists and often obviate the need for a face-to-face patient visit.
Benefits include low direct costs to the health care system, reduced
care fragmentation, avoided travel for patients, and a platform for
documented clinical communication between clinicians. E-consults
are postulated to improve access to care by creating availability of
specialty care services where once they were limited or absent; facili-
tating timeliness of specialist input for patients served by e-consulta-
tion; and reducing wait times for face-to-face visits by reducing the
pool of patients who require them.
In a 2015 systematic review,1 we reported that most of the peer-
reviewed research on e-consults originated from within 3 major inte-
grated North American health care systems, each with different or-
ganizational and financial structures. We found that e-consults are
flexible in their application, highly useful to referring clinicians, and
improve timeliness of specialty advice. We also identified several
gaps in the early literature, most notably a paucity of objectively
measured outcomes, which are essential to policy-makers assessing
the potential adoption of e-consult programs. Despite this limited
evidence base for outcomes, e-consults have continued to spread
more broadly within the US and internationally across a range of
single-payer systems, accountable care organizations, and fee-for-
service models.
The focus of this systematic review is to summarize the peer-
reviewed literature on outcomes of e-consult programs since our 2015
review. Our focus is on the outcomes that are central to the provision
of high-quality care. As described by the Quadruple Aim framework,
these outcomes are population health, reducing per capita health care
cost, and enhancing both the patient and clinician experience of care.
Access to health care is a prerequisite for the 3 patient-focused out-
comes of the Quadruple Aim, and a primary goal of e-consultation,
so we have addressed this outcome as well. We aim to answer 3 ques-
tions: 1) What is known about the relationship between e-consults
and access to care? 2) What is known about the relationship between
e-consults and other important outcomes: cost, quality of clinical
care, and patient and clinician experience? 3) What are the critical
gaps in existing research on e-consult outcomes?
METHODS
We conducted a systematic review of this topic, including use of a
formal search strategy, an appraisal of study quality, and a narrative
synthesis of findings.2 We completed a narrative rather than a quan-
titative synthesis because our questions of interest are broad and the
relevant studies are heterogeneous.3 To inform our review, we per-
formed a systematic search of 4 databases (PubMed, CINAHL,
Embase,4 and Cochrane Library) for articles about e-consults pub-
lished in English between January 1 2015 and February 28 2019, us-
ing keywords including e-consult, econsult, electronic consult, and
eReferral. We then searched reference lists of included articles for
relevant studies. (See Supplementary Appendix Exhibit 1 for search
terms and strategy.)
As per our 2015 review, we defined an e-consult as “an asynchro-
nous consultative communication between clinicians occurring within
a shared EHR or secure Web-based platform.” E-consults can serve as
the entry point to all referral encounters (eg, the Champlain BASE
program [Ontario, Canada]5 or the San Francisco [California] Health
Network6) or as one type of referral option that referring providers
can choose at their discretion (eg, the US Veterans Health Administra-
tion [VHA]7). E-consult platforms may be in the form of a web portal
(eg, Champlain BASE) or a shared medical record (eg, VHA). We in-
cluded empirical studies that reported on outcomes related to access,
cost, care, or patient or clinician experience. We excluded articles
about electronic referral only; patient-provider modalities; other
forms of consultation such as video, telephone, or email; and interven-
tions that bundled e-consults into multicomponent initiatives or pro-
grams and did not measure the effect of e-consults separately.
Working in pairs, the investigators reviewed the title and abstract of
each potentially relevant article. We used group discussion to reach
consensus when there was disagreement about relevance. For each rel-
evant article, one investigator abstracted information on its design
and findings, and the work was confirmed by a second investigator.
We summarized the results of relevant studies, organized by our 3 re-
search questions for this review.
To assess the strength of evidence for each outcome, our group
applied the Cochrane GRADE (Grading of Recommendations As-
sessment, Development, and Evaluation) rubric.8,9 GRADE is a sys-
tematic approach to rating the evidence in systematic reviews and is
particularly useful for rating the quality of evidence across multiple
outcomes. GRADE is subjective but uses transparent criteria. Using
GRADE, reviewers evaluate the quality of evidence for outcomes
reported in systematic reviews on a 4-point scale from very low (þ)
to high (þþþþ).10 A very low score means that the true effect is
probably markedly different from the estimated effect; a low score
means that the true effect might be markedly different from the esti-
mated effect; a moderate score means the true effect is probably
close to the estimated effect; and a high score means that the
reviewers have confidence that the true effect is similar to the esti-
mated effect. Using the GRADE approach, observational studies
without special strengths or important limitations provide low-qual-
ity evidence and randomized trials with few limitations provide
high-quality evidence. Ratings can be modified down based on the
risk of within-study bias, inconsistency, indirectness of evidence, im-
precision, and publication bias. Infrequently, evidence from very
strong observational studies may be upgraded in the face of large
effects, dose–response gradients, and a lack of obvious bias. For
each outcome, the weight of the evidence across relevant studies
provides support for a final score for the outcome. For this review,
one investigator reviewed the evidence to assign GRADE scores, and
the research team assessed the evidence for each outcome to arrive
at a final score for each.
RESULTS
Overview
The database search identified 1544 total publications. Details of
study selection are presented in the PRISMA diagram online (Sup-
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plementary Appendix Exhibit 2i). Characteristics of the 63 selected
articles are provided in the Supplementary Appendix table online
(Table 1) (Appendix Exhibit 3i). Studies are listed by outcome in the
Supplementary Appendix online (Table 2) (Appendix Exhibit 4i).
More than half of the included studies were from 1 of 2 set-
tings: 26 from the Champlain BASE program11–36 and 13 from VA
settings.7,37–48 Of the remaining 24 studies, there were 12 from com-
munity health centers or large public health care systems,43,49–59
8 from academic medical centers,60–67 2 from a nongovernmental
humanitarian organization,68,69 1 from a not-for-profit integrated
health care delivery system,70 and 1 from a private company pro-
viding e-consult services.71
Most studies were observational in design and lacked a control
group. One study reported data from a pilot randomized controlled
trial;53 3 studies reported results from cluster randomized controlled
trials;49,56,70 3 studies were pre-post evaluations with a comparison
group;62,66,72 and 1 study employed a retrospective cohort design
with a comparison group.48 Most results were positive. Below we
present an overview of the GRADE scoring assessment, summaries
of the evidence for each outcome, and the rationale for the GRADE
scores assigned to the quality of evidence for each of those out-
comes.
GRADE scores
At baseline, GRADE scores were low for all outcomes, because all
but 4 of the 63 studies were observational in design and most of
those lacked a control group. There was no outcome for which the
weight of the evidence demonstrated the large effects, dose-response
relationship, and lack of obvious bias that could lead to an increase
in the baseline GRADE score for that outcome. The GRADE score
for quality of clinical care and patient experience was downgraded
to very low after assessment of criteria for score adjustment. The
preponderance of positive studies across all outcomes raised concern
for publication bias.
Access to care
New access to specialist input. Since 2015, articles have been pub-
lished that extend e-consult to patients that might not have had ac-
cess to a specialist face-to-face visit in the first place, such as
patients with rare conditions46 and patients in rural,42 extremely re-
mote,27 or otherwise low-resource regions.68
Faster access to specialist input compared to face-to-face visits. Sleep
medicine e-consultation followed by the specialists’ order of a sleep
study and positive airway pressure therapy, if indicated, resulted in
a decrease over 4 years in the interval between sleep consult and pos-
itive airway pressure prescription from  60 days to  7 days.38
More than a dozen studies report a response time (i.e., the time be-
tween when the e-consult is requested and when the responding spe-
cialist provides the response) of a few days or
less,11,13,14,16,20,21,28,32,34,35,40,46,47,51,56,61,62,67,69 whereas face-to-
face visits generally require days to weeks to be completed.
Reduced wait times for face-to-face clinic visits. We identified 2
published studies demonstrating reduced wait times for face-to-face
clinic visits,51,62 and 2 demonstrating no change.38,58 The studies
that reported improved wait times were observational studies in
large e-consult programs. In the first study, using a pre-post design,
researchers observed a decrease in wait times soon after e-consulta-
tion implementation at a multi-site academic medical center in a
Medicaid-funded fee-for-service model. The number of referrals for
face-to-face visits decreased by 19% and the proportion of face-to-
face referrals seen within 14 days increased from 29% to 35% from
the baseline year to the intervention year.62 In the second study,
which also employed a pre-post design, wait times for face-to-face
visits across specialties in the Los Angeles Department of Public
Health (LADPH) system decreased by 17% 3 to 4 years after e-con-
sult implementation.51
Specialist input on questions that might not otherwise have war-
ranted a face-to-face referral. The relationship of e-consults to
avoided face-to-face referrals is not one-to-one. In a single-center
VA study of e-consultation to an infectious disease service, the total
number of face-to-face consults remained steady after implementa-
tion of the e-consult program, even though e-consult volume far
exceeded that of face-to-face consults.47 The authors observed that
e-consults were being used to ask about topics such as positive urine
cultures and travel immunizations that were not previously referred
for face-to-face visits. In a study of nephrology e-consults at an aca-
demic tertiary care center, PCPs responded to a brief survey after
each e-consult.63 If e-consults did not exist, in 69% of cases the PCP
would not have sought specialty consultation via email or telephone.
A study in a VA hematology unit found that the annual number of
face-to-face visits decreased 18% within 2 years after e-consult im-
plementation, but the total number of consults (e-consult plus face-
to-face) increased by 80%.41
Though many in number and consistent in suggesting a benefit,
studies informing the access outcome are all observational. Among
the studies of wait times that used a pre-post design, none included a
control group. This limits the ability to attribute improvements in
wait times to e-consult implementation rather than to other organi-
zational changes or secular trends. The GRADE score for the out-
come of access therefore was not changed from the baseline score of
low.
Costs
Costs to payers. Payer costs have been explored in studies using ad-
ministrative data. In a pre-post study in an academic fee-for-service
setting, Gleason et al reported that introduction of an “e-consult
first” program was associated with a 7.25% decrease in total profes-
sional fees (ie, charges for direct care by the provider) in the 120-day
period following the specialty contact.62 A limitation of this study is
the inability to attribute the lower costs to decreased utilization by
patients who had an e-consult, since all patients received an e-con-
sult first, but some were recommended for a face-to-face visit after
specialist review.
Anderson et al conducted a cost-effectiveness analysis for
Medicaid-insured patients in a cluster-randomized trial of cardiol-
ogy e-consults for all nonurgent referrals versus the traditional face-
to-face consultation process in a statewide federally qualified health
center.49 Using claims data, the authors calculated that total per-
patient costs to the payer and costs of cardiac tests and procedures
were lower among patients receiving care in the e-consults arm by
$466 USD and $81 USD, respectively. In in the same health care sys-
tem, a separate observational study reported average costs per
month that were $82 lower per patient across 4 medical and surgical
specialties after the introduction of e-consults.50 While specific dol-
lar figures are difficult to interpret and generalize to other health
care systems, these 3 studies are at least consistent with the hypothe-
sis that e-consult programs are generally cost-saving to payers.
Journal of the American Medical Informatics Association, 2019, Vol. 0, No. 0 3
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Costs to patients. Costs to patients from travel were addressed in 3
studies. Kirsh et al calculated that VA patients served by e-consults
in 2011–2013 would have had to travel an average of 72 miles to
see a specialist face-to-face. The authors estimated $2.8 million
USD savings attributable to avoided travel for the entire nation-
wide VA system.42 Lee et al72 calculated that a proactive fracture li-
aison service led to 69 miles of travel avoided per patient. A cost
evaluation of the Champlain BASE Program in Canada demon-
strated a net savings to society (from avoided referrals and patient
travel/work absence) of $38 729 over 12 months, or $11 (CAD)
per e-consult.25
Cost savings by avoidance of face-to-face referrals. Several studies
have taken indirect approaches to examining cost savings by exam-
ining the association of e-consults with face-to-face referrals. Two
studies compared the change in face-to-face referral rates pre- and
post-implementation between specialties with and without e-consul-
tation.62,66 One year after implementation of a cardiology e-consult
program in an academic medical center, the increase in face-to-face
cardiology referrals was less than that for specialties without e-con-
sultation (4.5% vs 10.1%, P< .001).66 E-consults in an academic
medical center were associated with a decrease of 19% in face-to-
face referrals, compared to an increase of 3.6% among nonpartici-
pating specialties.62
Several publications from the Champlain BASE program report
on a PCP survey question at the end of each e-consult request about
whether a face-to-face consult would have been sent in the absence
of the e-consult option. Depending on specialty of the consultation
being requested, 32%–80% of PCPs report that a face-to-face visit
would have been required absent the e-consult,12–14,16,18–21,24,26,28–
36,41,47,51,58,62,65 suggesting that up to as many as 4 out of 5 e-con-
sults are perceived to obviate a face-to-face visit. Using these data on
face-to-face referrals avoided, the Champlain BASE group calcu-
lated payer costs decreasing from $131.05 to $6.45 (CAD) per e-
consult from year 1 to year 3 of the program.23
Overall, a robust number of studies addressed costs, including 1
cluster-randomized controlled trial and 2 pre-post observational
studies. These were consistent in their evidence for a positive impact
of e-consults on costs. However, many studies of cost used an indi-
rect approach to address cost savings by comparing volume of e-
consults to face-to-face visits, or by asking the referring provider
whether a face-to-face referral had been avoided. Therefore, the
GRADE score for the outcome of cost remained low after assess-
ment of the strengths and weakness of the body of evidence.
Quality and safety outcomes
Quality of clinical care. We identified 2 studies comparing clinical out-
comes among patients managed by e-consult versus face-to-face refer-
ral. In a small pilot study, high-risk patients with chronic kidney disease
(N¼23) were randomized to either e-consult or face-to-face referral;
renal function was similar in both groups when assessed approximately
12 months after consultation.53 A nonrandomized study of e-consults
versus face-to-face referral for diabetes management at a single center
found similar reductions in A1C at 6 months in unadjusted analyses.48
In both of these studies, patient characteristics were similar between the
e-consult and the control groups.
Four studies reported what may be called “intermediate” clinical
outcomes. By “intermediate” we mean outcomes that represent clin-
ical actions or process measures that are on the causal pathway to
hard clinical endpoints of morbidity and mortality, but that may oc-
cur in a shorter timeframe and are often easier and less expensive to
measure than those endpoints. In the first study, a proactive e-con-
sult program for patients with recent fracture resulted in improved
rates of osteoporosis medication provision and bone density testing.
This program relied on a nurse liaison to identify fracture patients
for e-consultation and then coordinate with PCPs to complete the
recommended workup and support medication provision.72 In the
second study, a clinician’s order of intravenous vancomycin trig-
gered an e-consult to the infectious disease service, which then pro-
vided standardized prescribing guidance; this pre-post study
reported an increase in rates of appropriate antibiotic prescribing,
from 45% (71/146 patients) to 55% (51/98).44 In the third study, an
examination of e-consults for anesthesiology preoperative evalua-
tion in one VA regional network, there was no increase in prevent-
able operating room cancellations attributable to the use of e-
consults.37 A fourth study of e-consults for sleep medicine over 5
years reported a decrease in the interval between sleep consult and
positive airway pressure (PAP) therapy prescription from  60 days
to  7 days.38
In sum, intermediate outcomes may improve when the responsi-
bility for requesting or implementing recommendations from e-con-
sults is automated or shared by the specialist service. Whether
ultimate clinical outcomes are worse, better, or as good with e-con-
sults remains unclear.
In assessing whether the GRADE score for clinical quality should
be changed from the baseline score of low, we acknowledged that
the literature on quality of clinical care was represented by just a
handful of studies (N¼6) that provided only indirect evidence
through assessment of intermediate clinical outcomes or process
measures. Intermediate outcomes are often faster and easier to cap-
ture than hard endpoints, but the correlations between these inter-
mediate measures and hard endpoints can be diluted by other
factors. These limitations led to downgrading the GRADE score for
clinical quality evidence to very low.
Safety outcomes. Several studies reported on adverse events or emer-
gency department utilization following e-consultation. One cluster-
randomized trial found no statistically significant difference in a sec-
ondary outcome of emergency department utilization between cardi-
ology patients in the traditional consultation pathway and those in
the intervention pathway, whose consults were triaged via e-consult
to either completion via e-consult or face-to-face referral.56 In a pre-
post study, the proportion of patients with a specialty encounter (re-
ferral or e-consult) who had an emergency department (ED) visit
within 120 days post-encounter decreased from 9.8% prior to e-con-
sult implementation to 8.6% after e-consults became an option for
PCPs.62 In a pre-post study of endocrinology e-consults, there was
no change in the percent of consultations (face-to-face or e-consult)
that were followed by an emergency department (ED) visit or hospi-
talization within 6 months.61 Several studies employing manual re-
view of the medical record found no increase in adverse events (eg,
ED visits, hospitalizations, and/or death within 1–6 months) follow-
ing e-consult.40,55,60,64–66 Among 500 patients referred for cardiol-
ogy e-consults, 2.2% required hospitalization related to the problem
addressed in the e-consult within 6 months; no comparable rate of
hospitalization after face-to-face consults was provided.40 A study
of surgical e-consults reported that 4 of 36 patients who did not
have clinic visits following e-consultation had ED visits for problems
related to the initial reason for referral.59 In comparison, among
114 patients scheduled for face-to-face surgical consultation, 4 had
ED visits before their surgery clinic appointment.
4 Journal of the American Medical Informatics Association, 2019, Vol. 0, No. 0
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Taken together, these studies suggest that e-consults do not ap-
pear to greatly increase the risk of sentinel events, perhaps because
sicker patients are more likely to receive face-to-face referrals in-
stead. With 1 exception,62 the observational studies we examined
that reported on safety outcomes did not include data on the
characteristics of patients who ultimately received e-consults vs
face-to-face referrals, limiting the ability to judge the extent of this
potential bias. Neither the cluster-randomized trials nor the pre-post
studies defined adverse events as a primary outcome and were there-
fore most likely underpowered to draw definitive conclusions about
risk.
We found no studies of less severe but nonetheless important
safety outcomes, such as specialist or PCP errors in medication rec-
ommendations or patient errors in medication-taking. Such mistakes
may be more likely given that patients in an e-consult situation are
not directly involved in the clinical conversation. Without having
the patient in the room, specialists may not be able to ensure medi-
cation reconciliation or patient understanding of instructions; medi-
cation errors or inadequate communication could cause patient
harm without resulting in ED visit or hospitalization.
While studies of safety were consistent in finding no increased
risk with e-consults, underpowered analyses and risk of bias limited
the certainty of evidence from those studies, and so the GRADE
score for the overall quality of evidence on safety remained low.
Patient and clinician experience
Patient experience. As with our previous literature search, we found
studies that report high levels of patient satisfaction with e-consults
as measured by surveys.41,60 Benefits elicited in qualitative interview
studies with patients include faster access to care, avoidance of
travel for face-to-face referrals, and strengthening of the role of pri-
mary care providers.15,45,57 Studies reveal a trade-off in patient ex-
perience: though patients may agree with the PCP’s suggestion to
send an e-consult and reap benefits of faster access, they also lose
the opportunity to ask the specialist questions that would have
arisen during the course of a face-to-face visit. Moreover, e-consults
do not allow patients to participate in a conversation with the spe-
cialist about treatment that accounts for patients’ preferences and
values. One study specifically examined this issue, finding that the
lost opportunity is a drawback that patients may accept in return for
the benefits of e-consults, but only in certain clinical situations or
when the wait for a face-to-face appointment is very long.15
The implications of the patient’s exclusion from the clinical con-
versation have not been extensively explored. One qualitative study
found that, in general, patients were comfortable with a minimal
level of direct engagement with e-consults, but wanted to be in-
formed about the process and wanted assurance that their history
and concerns would be comprehensively communicated between the
PCP and specialist.57 Patients reported that a strong relationship
with their PCP helped them feel more comfortable with receipt of
virtual specialty care.
Overall, data on the patient experience indicate that patients are
willing to accept the drawbacks of e-consults when the risks of not
participating in conversation with the specialist are low and trust in
their PCP is high, and when wait times are excessive. Aspects of ex-
perience outside of acceptability and satisfaction with avoided refer-
rals have not been studied.
Overall, there were a very small number of studies on the patient
experience—2 survey studies and 3 qualitative studies. The GRADE
score is applicable to the quantitative survey studies. Because there
were only 2 of these, thereby increasing concern for imprecision, the
GRADE score for the quality of evidence of patient experience was
downgraded to very low.
Primary care provider experience. At the time of our 2015 review,
most studies reported high PCP satisfaction with e-consults, includ-
ing perceived value, improved timeliness of specialty input, and en-
hanced communication with specialist. Newer studies using PCP
surveys support these findings,11,13,14,18–22,24,26,29–31,33–
36,41,54,57,60,62–65,67–71 and 2 qualitative studies also report generally
high PCP satisfaction.7,39 More recent studies have also described a
strong educational benefit to less-experienced PCPs. In a survey of
UCSF PCPs, for example, nurse practitioners, physician assistants,
trainee physicians, and physicians with  10 years of experience
were more likely to report improved clinical management skills than
physicians with longer experience.54 Another survey of PCPs in the
Champlain BASE program found that nurse practitioners were more
likely than family physicians to report that an e-consult modified the
original planned course of action.24 A cluster-randomized trial sur-
veyed PCPs and found that those using psychiatry e-consults
reported improved perceived support in management of mental ill-
ness, though not increased self-efficacy related to depression man-
agement.70
Among more mature e-consult programs, studies leveraging
qualitative methods have highlighted shortcomings for PCPs. In
most health care systems described in the literature, PCPs are not
provided additional time or compensation to manage patients served
by e-consult. In a qualitative interview study, VA PCPs reported that
e-consults increased workload for the PCP, who must decide
whether and how to follow through on specialists’ recommenda-
tions, manage the condition, and follow up with the patient.45 A
qualitative interview study among Los Angeles Department of
Health Services PCPs revealed mixed opinions about whether the
burden incurred by managing patients via e-consult is worth the
tradeoff in timeliness and ability to manage conditions.43 Findings
from a safety-net program in Denver, Colorado were similar.52
Specialist experience. Specialists report ambivalence towards e-con-
sult systems, a finding consistent with our earlier review. Surveys of
specialists in 2 different US academic medical centers found that most
report “optimal complexity”62 and that e-consults are efficient and
help avoid referrals.63 Concerns about e-consults relate to both orga-
nizational and clinical concerns. In 3 qualitative interview studies con-
ducted within the VA (1 in anesthesiology, 2 across multiple medical
specialties), specialists perceived value to patients, PCPs, and their
own clinical practice.7,39,45 However, dissatisfaction resulted from
lack of or inadequate compensation or protected time, concerns about
liability, and frustration with repeatedly answering the same ques-
tions. Conflicts with inpatient schedules and inadequate compensation
were also raised on a survey of VA cardiologists.40 Specialists in the
Champlain BASE system rated e-consults high on a survey assessing
feasibility of e-consults to improve access to care, impact on PCP-
specialist communication, educational value for PCPs, and whether
the program should be expanded; there were mixed opinions about
appropriateness of the current compensation model in that17 as well
as in another survey study among Ontario providers of e-consults
from 2 different systems.19 Concerns about workload and insufficient
reimbursement were echoed in survey data from a study among gas-
troenterologists in a US academic medical center.65 In e-consult pro-
grams for inpatient care and for anesthesiology pre-operative
assessment, and in the Denver safety-net multispecialty e-consult pro-
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gram, some specialists raised concerns about providing care without
seeing the patient.37,52,64 Specialists voiced a need for more consistent
communication about the e-consult process.57
Taken together, studies of referring and consulting clinicians
suggest that the greatest barrier to clinician satisfaction is related to
how e-consults are implemented and supported within the organiza-
tion.
Survey results from PCPs and specialists were consistent and sug-
gested strong benefits to the clinician experience, but inherent limi-
tations of the study designs prevented the GRADE score for this
outcome from being upgraded from low.
DISCUSSION
Our 2015 literature review found that few studies addressed the out-
comes of e-consult programs. We conducted the current review to
determine what progress has occurred since that time: a period that
has witnessed considerable expansion of e-consult programs in
health care systems across the US and internationally, the develop-
ment e-consult business models, and a proliferation of literature.
We conclude that the empirical evidence for important outcomes
of e-consultation remains modest. The overall quality of evidence
across outcomes is generally low, since most studies are observa-
tional, resulting in persistent concern regarding the presence of bias
and confounding. The rating of the quality of evidence for clinical
care was downgraded to very low since all studies measured inter-
mediate rather than hard clinical endpoints. The rating of the quality
of evidence for patient experience was also downgraded on the basis
of concern for imprecision. Because of heterogeneity among the
main outcome measures used in these studies, it is difficult to com-
pare the magnitude of effect across studies and challenging to assess
the generalizability of findings. We note generally positive effects
across studies for the subset of important outcomes that were mea-
sured, with mixed results for clinician experience. Though it is reas-
suring that the literature is generally positive, the preponderance of
positive studies also raises concern about possible publication bias.
Stakeholder enthusiasm for e-consults is high, and the literature
on outcomes to date is informative and encouraging, but many im-
portant questions remain for policy makers and health care system
leadership. It is common for relatively low-quality evidence to sup-
port health system interventions, since randomized controlled trials
are often cost-prohibitive, unethical, or not planned as part of imple-
mentation. However, some general principles can be applied to
strengthen the evidence base for e-consults and support targeted im-
provement and cost-effective expansion. We recommend 3 major
directions for future work: quasi-experimental designs to strengthen
causal inference; application of comprehensive measurement frame-
works that enable both overall assessment within and across e-con-
sult programs as well as more precise assessments of specific
outcomes; and longer follow-up periods to examine sustainability
over time.
Quasi-experimental designs. E-consult outcome evaluation is well-
suited to quasi-experimental designs, though few studies have taken
this approach. In observational studies of e-consults, a major prob-
lem is that patients who specialists determine should receive e-con-
sults are almost certainly unlike those who have either face-to-face
consultations or no consultation at all. These differences, which epi-
demiologists would consider selection bias, can underlie whatever
associations are found between e-consults and outcomes, such as
cost and clinical outcomes of care. Any such associations may there-
fore reflect case-mix rather than a true causal relationship. Studies
with comparison groups should report on demographic and clinical
characteristics of the patients. Such data, as reported in some of the
quasi-experimental studies we reviewed,48,53,62 would reassure read-
ers that the potential impact of selection bias is lessened. In systems
where specialists make the final decision about whether patients are
seen by e-consult or face-to-face visit, wide variation in individual
specialists’ threshold to recommend referral51,61 will also impact
outcomes in the different groups. If quasi-experimental designs to
estimate causal effects are not feasible, another possibility is a natu-
ral experiment design, in which costs and clinical outcomes among a
cohort of patients with similar health profiles and a selected reason
for referral is compared before and after implementation of e-con-
sultation; such studies can capitalize on advanced statistical meth-
ods, such as propensity scores73 and instrumental variables,74 to
strengthen the validity of observed results.
Comprehensive measurement. The overall value of e-consults to any
health care system, as well as cross-system comparisons, will be dif-
ficult to assess by focusing on a single outcome measure. This is true
for any complex intervention because gains in 1 outcome may be
offset by losses in another. For example, e-consults increase access
to specialist advice, but under what organizational and clinical cir-
cumstances does this lead to better quality of clinical care? More-
over, how does the increased role of the PCP in executing the
specialists’ recommendations affect the patient-PCP relationship and
the PCP’s work-life satisfaction and risk of burnout? Studies of clini-
cal outcomes should aim to establish the causal pathway between e-
consult and those outcomes; capturing clinical process measures in
addition to outcomes can help establish the steps in the pathway.
Examinations of safety should have control groups, account for clin-
ical complexity, and measure less severe but still-concerning events.
We also recommend cross-system evaluation of how clinician satis-
faction, burnout, and quality of care are affected by different e-con-
sult delivery models, processes, workflow accommodations, and
compensation. There is a need for detailed and comprehensive eco-
nomic evaluations that clearly describe program organization and
account for both direct and indirect costs and savings. An e-consult
that avoids a face-to-face specialty visit may lower per patient ex-
penditure, but what happens to system-wide costs if 20%, 30%, or
40% of e-consult requests are for evaluations that are not actually
needed?
Comprehensive assessment of e-consult benefit will require a
broad set of measures that address the interests of key stakeholders
that can be applied and compared across health care systems and
that enable tracking of access, economic impact from multiple per-
spectives, clinical care, and patient and clinician experience over
time. For example, 1 group proposes the RE-AIM framework for
cross-system studies of e-consult programs.75 Such evaluations
would be enhanced by application of qualitative methods and imple-
mentation science frameworks that help illuminate how, why, and
under what conditions e-consult programs are successful in achiev-
ing important outcomes.
Longer follow-up. Most pre-post or randomized studies that we
identified had relatively short follow-up periods. Other studies with
longer follow-up periods generally did not present trends over time.
This shortcoming limits the opportunity to examine sustainability of
e-consult outcomes. For example, as the backlog of pending consults
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decreases through resolution via e-consult, improvements in clinic
wait times may plateau. Only 1 study reported on sustained
improvements in clinic wait times years after e-consult implementa-
tion,51 but such impacts are likely to vary by system. Studies of ac-
cess and wait times over longer follow-up periods will need to
account for secular events such as staffing changes, organizational
initiatives, and the increasing availability of multiple modalities of
specialty care delivery, including telemedicine/video visits and secure
messaging between clinicians and patients.
In summary, we found only modest evidence for e-consults’ im-
pact on outcomes related to access, cost, quality of clinical care, and
patient and clinician experience. Positive findings are generally
reported among the diverse questions that have been addressed, but
most study designs have been observational; cross-system empiric
studies are lacking; and there is limited depth of understanding for
many outcomes. E-consult spread has been rapid, with programs of-
fered by an increasing number of nonprofit health care systems,76
academic medical centers,77 and private companies.78,79 The Cen-
ters for Medicare & Medicaid Services began reimbursements for e-
consults in 2019.76 Yet research still lags behind enthusiasm of pol-
icy makers, health care systems leaders, and others involved in the
implementation of new programs.
Many health care systems have turned to e-consult programs to
improve specialty access without increasing costs. Existing data are
promising and explain the continued growth of e-consult programs,
but rigorous studies are needed to understand exactly what benefits
can be anticipated in different organizational, clinician, and patient
contexts. Policy makers, health systems leaders, and funders need this
information to define reasonable measures of success for e-consulta-
tion and to plan appropriate improvements to achieve such measures.
FUNDING
This work was supported by a Department of Veterans Affairs Health Serv-
ices Research & Development Career Development Award (grant number
IK2HX002137). Disclaimer: The contents do not represent the views of the
US Department of Veterans Affairs or the United States government.
AUTHOR CONTRIBUTIONS
All authors contributed to the analyses and interpretation of data,
revised the work critically for important intellectual content, ap-
proved the final version to be published, and are accountable for all
aspects of the work in ensuring that questions related to the accu-
racy or integrity of any part of the work are appropriately investi-
gated and resolved.
SUPPLEMENTARY MATERIAL
Supplementary material is available at Journal of the American
Medical Informatics Association online.
ACKNOWLEDGEMENTS
The authors wish to acknowledge Sarah L. Carnes, MLIS, AHIP, for her assis-
tance in conducting the literature review.
CONFLICT OF INTEREST STATEMENT
None declared
REFERENCES
1. Vimalananda VG, Gupte G, Seraj SM, et al. Electronic consultations (e-
consults) to improve access to specialty care: a systematic review and nar-
rative synthesis. J Telemed Telecare 2015; 21 (6): 323–30.
2. Bakken S. Advancing biomedical and health informatics knowledge
through reviews of existing research. J Am Med Inform Assoc 2019; 26
(4): 273–5.
3. Collins JA, Fauser BC. Balancing the strengths of systematic and narrative
reviews. Hum Reprod Update 2005; 11 (2): 103–4.
4. Bahaadinbeigy K, Yogesan K, Wootton R. MEDLINE versus EMBASE
and CINAHL for telemedicine searches. Telemed J e-Health 2010; 16 (8):
916–9.
5. Liddy C, Rowan MS, Afkham A, Maranger J, Keely E. Building access to
specialist care through e-consultation. OpenMed 2013; 7 (1): e1.
6. Chen AH, Murphy EJ, Yee HF Jr. eReferral–a new model for integrated
care. N Engl J Med 2013; 368 (26): 2450–3.
7. Gupte G, Vimalananda V, Simon SR, DeVito K, Clark J, Orlander JD.
Disruptive innovation: implementation of electronic consultations in a
veterans affairs health care system. JMIRMed Inform 2016; 4 (1): e6.
8. Ryan R, Hill S. How to GRADE the quality of the evidence. Cochrane
Consumers and Communication Group, available at http://cccrg.cochra-
ne.org/author-resources. Version 3.0; 2016. Accessed August 1, 2019.
9. Siemieniuk R, Guyatt G. What is GRADE? https://bestpractice.bmj.com/
info/us/toolkit/learn-ebm/what-is-grade/. Accessed August 1, 2019.
10. https://handbook-5-1.cochrane.org/chapter_12/12_interpreting_results_
and_drawing_conclusions.htm. Accessed August 1, 2019.
11. Archibald D, Stratton J, Liddy C, Grant RE, Green D, Keely EJ. Evalua-
tion of an electronic consultation service in psychiatry for primary care
providers. BMC Psychiatry 2018; 18 (1): 119.
12. Bhola PT, Liddy C, Afkham A, Keely E, Graham GE. A pilot eConsulta-
tion service in Eastern Ontario: bridging clinical genetics and primary
care. Eur J HumGenet 2019; 27 (7): 1026.
13. Fogel A, Khamisa K, Afkham A, Liddy C, Keely E. Ask the eConsultant:
improving access to haematology expertise using an asynchronous eCon-
sult system. J Telemed Telecare 2017; 23 (3): 421–7.
14. Johnston DL, Murto K, Kurzawa J, Liddy C, Keely E, Lai L. Use of elec-
tronic consultation system to improve access to care in pediatric hematol-
ogy/oncology. J Pediatr Hematol/Oncol 2017; 39 (7): e367–9.
15. Joschko J, Liddy C, Moroz I, et al. Just a click away: exploring patients’
perspectives on receiving care through the Champlain BASETM eConsult
service. Fam Pract 2018; 35 (1): 93–8.
16. Keely E, Canning S, Saloojee N, Afkham A, Liddy C. Improving access to
gastroenterologist using econsultation: a way to potentially shorten wait
times. J Can Assoc Gastroenterol 2018; 1 (3): 124–8.
17. Keely E, Drosinis P, Afkham A, Liddy C. Perspectives of Champlain BASE
specialist physicians: their motivation, experiences and recommendations
for providing eConsultations to primary care providers. Stud Health Tech-
nol Inform 2015; 209: 38–45.
18. Keely E, Li J, Magner P, Afkham A, Liddy C. Nephrology eConsults for
primary care providers: original investigation. Can J Kidney Health Dis
2018; 5: 205435811775361.
19. Keely E, Williams R, Epstein G, Afkham A, Liddy C. Specialist perspec-
tives on Ontario Provincial Electronic Consultation Services. Telemed J e-
Health 2019; 25 (1): 3–10.
20. Kohlert S, Murphy P, Tse D, Liddy C, Afkham A, Keely E. Improving ac-
cess to otolaryngology–head and neck surgery expert advice through
eConsultations. Laryngoscope 2018; 128 (2): 350–5.
21. Lai L, Liddy C, Keely E, et al. The impact of electronic consultation on a
Canadian tertiary care pediatric specialty referral system: A prospective
single-center observational study. PLoS One 2018; 13 (1): e0190247.
22. Liddy C, Afkham A, Drosinis P, Joschko J, Keely E. Impact of and Satis-
faction with a New eConsult Service: a mixed methods study of primary
care providers. J Am Board FamMed 2015; 28 (3): 394–403.
23. Liddy C, Deri Armstrong C, Drosinis P, Mito-Yobo F, Afkham A, Keely
E. What are the costs of improving access to specialists through eConsulta-
Journal of the American Medical Informatics Association, 2019, Vol. 0, No. 0 7
D
ow
nloaded from
 https://academ
ic.oup.com
/jam
ia/advance-article-abstract/doi/10.1093/jam
ia/ocz185/5588944 by U
niversity of M
assachusetts M
edical School user on 18 N
ovem
ber 2019
tion? The Champlain BASE Experience. Stud Health Technol Inform
2015; 209: 67–74.
24. Liddy C, Deri Armstrong C, McKellips F, Keely E. A comparison of refer-
ral patterns to a multispecialty eConsultation service between nurse prac-
titioners and family physicians: the case for eConsult. J Am Assoc Nurse
Pract 2016; 28 (3): 144–50.
25. Liddy C, Drosinis P, Deri Armstrong C, McKellips F, Afkham A, Keely E.
What are the cost savings associated with providing access to specialist
care through the Champlain BASE eConsult service? A costing evaluation.
BMJ Open 2016; 6 (6): e010920.
26. Liddy C, Drosinis P, Joschko J, Keely E. Improving access to specialist
care for an aging population. Gerontol Geriatr Med 2016; 2:
233372141667719.
27. Liddy C, McKellips F, Armstrong CD, Afkham A, Fraser-Roberts L, Keely
E. Improving access to specialists in remote communities: a cross-sectional
study and cost analysis of the use of eConsult in Nunavut. Int J Circumpo-
lar Health 2017; 76 (1): 1323493.
28. Liddy C, Moroz I, Afkham A, Keely E. Sustainability of a primary care-
driven eConsult service. Ann FamMed 2018; 16 (2): 120–6.
29. Liddy C, Smyth C, Poulin PA, Joschko J, Rebelo M, Keely E. Improving
access to chronic pain services through eConsultation: a cross-sectional
study of the Champlain BASE eConsult Service. Pain Med (Malden, Mass)
2016.
30. McKellips F, Keely E, Afkham A, Liddy C. Improving access to
allied health professionals through the Champlain BASE() eConsult ser-
vice: a cross-sectional study in Canada. Br J Gen Pract 2017; 67 (664):
e757–63.
31. Murthy R, Rose G, Liddy C, Afkham A, Keely E. eConsultations to infec-
tious disease specialists: questions asked and impact on primary care pro-
viders’ behavior. Open Forum Infect Dis 2017; 4 (2): ofx030.
32. Rostom K, Smith CD, Liddy C, Afkham A, Keely E. Improving access to
rheumatologists: use and benefits of an electronic consultation service. J
Rheumatol 2018; 45 (1): 137–40.
33. Shehata F, Posner G, Afkham A, Liddy C, Keely E. Evaluation of an elec-
tronic consultation service in obstetrics and gynecology in Ontario.
Obstetr Gynecol 2016; 127 (6): 1033–8.
34. Skeith L, Mohamed M, Karovitch A, et al. The use of eConsults to im-
prove access to specialty care in thrombosis medicine. Thromb Res 2017;
160: 105–8.
35. Tran CS, Liddy CE, Liu DM, Afkham A, Keely EJ. Econsults to endocri-
nologists improve access and change primary care provider behavior. En-
docrine Pract 2016; 22 (10): 1145–50.
36. Witherspoon L, Liddy C, Afkham A, Keely E, Mahoney J. Improving ac-
cess to urologists through an electronic consultation service. CUAJ 2017;
11 (8): 270–4.
37. Afable MK, Gupte G, Simon SR, et al. Innovative use of electronic consul-
tations in preoperative anesthesiology evaluation at VA Medical Centers
in New England. Health Aff 2018; 37 (2): 275–82.
38. Baig MM, Antonescu-Turcu A, Ratarasarn K. Impact of sleep telemedi-
cine protocol in management of sleep apnea: a 5-year VA experience. Tel-
emed J e-Health 2016; 22 (5): 458–62.
39. Battaglia C, Lambert-Kerzner A, Aron DC, et al. Evaluation of E-consults
in the VHA: provider perspectives. Federal Pract 2015; 32 (7): 42–8.
40. Bauer BS, Nguyen-Phan AL, Ong MK, Ziaeian B, Nguyen KL. Cardiology
electronic consultations: efficient and safe but consultant satisfaction is
equivocal. J Telemed Telecare 2019: 1357633X1982813.
1357633x19828130.
41. Cecchini M, Rose MG, Wong EY, Neparidze N. The implementation of
electronic hematology consults at a VA hospital. Blood 2016; 127 (12):
1610–1.
42. Kirsh S, Carey E, Aron DC, et al. Impact of a national specialty e-consulta-
tion implementation project on access. Am J Manag Care 2015; 21 (12):
e648–54.
43. Lee MS, Ray KN, Mehrotra A, Giboney P, Yee HF Jr, Barnett ML. Pri-
mary care practitioners’ perceptions of electronic consult systems: a quali-
tative analysis. JAMA Intern Med 2018; 178 (6): 782–9.
44. Linsenmeyer K, Strymish JM, Smith D, Brennan M, Gupta K. Electronic
consults for improving vancomycin use. J Hosp Infect 2018; 99 (2):
158–9.
45. Rodriguez KL, Burkitt KH, Bayliss NK, et al. Veteran, primary care pro-
vider, and specialist satisfaction with electronic consultation. JMIR Med
Inform 2015; 3 (1): e5.
46. Shipherd JC, Kauth MR, Matza A. Nationwide interdisciplinary E-Con-
sultation on transgender care in the Veterans Health Administration. Tel-
emed J e-Health 2016; 22 (12): 1008–12.
47. Strymish J, Gupte G, Afable MK, et al. Electronic consultations (E-con-
sults): advancing infectious disease care in a large Veterans Affairs Health-
care System. Clin Infect Dis 2017; 64 (8): 1123–5.
48. Patel PS, Jiang B, Marcelli M, Mediwala SN, Vasudevan MM. Electronic
consultation: an effective alternative to in-person clinical care for patients
with diabetes mellitus. J Diabetes Sci Technol 2019; 13 (1): 152–3.
49. Anderson D, Villagra V, Coman EN, et al. A cost-effectiveness analysis of
cardiology eConsults for Medicaid patients. Am J Manag Care 2018; 24
(1): e9–16.
50. Anderson D, Villagra VG, Coman E, et al. Reduced cost of specialty care
using electronic consultations for medicaid patients. Health Aff (Project
Hope) 2018; 37 (12): 2031–6.
51. Barnett ML, Yee HF, Jr., Mehrotra A, Giboney P. Los Angeles safety-net
program eConsult system was rapidly adopted and decreased wait times
to see specialists. Health Aff (Project Hope) 2017; 36 (3): 492–9.
52. Fort MP, Namba LM, Dutcher S, et al. Implementation and evaluation of
the safety net specialty care program in the Denver Metropolitan Area.
Perm J 2017; 21:16–022.
53. Katz IJ, Pirabhahar S, Williamson P, et al. iConnect CKD-virtual medical
consulting: a web-based chronic kidney disease, hypertension and diabetes
integrated care program. Nephrology 2018; 23 (7): 646–52.
54. Kwok J, Olayiwola JN, Knox M, Murphy EJ, Tuot DS. Electronic consul-
tation system demonstrates educational benefit for primary care providers.
J Telemed Telecare 2018; 24 (7): 465–72.
55. Mann R, van de Weijer P. Adopting innovation in gynaecology: the
introduction of e-consult. Aust N Z J Obstet Gynaecol 2018; 58 (4):
449–53.
56. Olayiwola JN, Anderson D, Jepeal N, et al. Electronic consultations to im-
prove the primary care-specialty care interface for cardiology in the medi-
cally underserved: a cluster-randomized controlled trial. Ann Fam Med
2016; 14 (2): 133–40.
57. Olayiwola JN, Knox M, Dube K, et al. Understanding the potential for pa-
tient engagement in electronic consultation and referral systems: lessons
from one safety net system. Health Serv Res 2018; 53 (4): 2483–502.
58. Scheibe MM, Imboden JB, Schmajuk G, et al. Efficiency gains for rheuma-
tology consultation using a novel electronic referral system in a safety-net
health setting. Arthritis Care Res 2015; 67 (8): 1158–63.
59. Ulloa JG, Russell MD, Chen AH, Tuot DS. A cohort study of a general
surgery electronic consultation system: safety implications and impact on
surgical yield. BMCHealth Serv Res 2017; 17 (1): 433.
60. Chittle MD, Rao SK, Jaff MR, et al. Asynchronous vascular consultation
via electronic methods: a feasibility pilot. Vasc Med 2015; 20 (6): 551–6.
61. Cruz ML, Gleason N, Wang M, Wrenn K, Gonzales R. Transforming the
endocrine consult: asynchronous provider consultations. Endocr Pract
2015; 21 (5): 514–21.
62. Gleason N, Prasad PA, Ackerman S, et al. Adoption and impact of an
eConsult system in a fee-for-service setting. Healthcare (Amsterdam,
Netherlands) 2017; 5 (1-2): 40–5.
63. Mendu ML, McMahon GM, Licurse A, Solomon S, Greenberg J, Waikar
SS. Electronic consultations in nephrology: pilot implementation and eval-
uation. Am J Kidney Dis 2016; 68 (5): 821–3.
64. Najafi N, Harrison JD, Duong J, Greenberg A, Cheng HQ. It all just
clicks: development of an inpatient E-Consult program. J Hosp Med
2017; 12 (5): 332–4.
65. Venkatesh RD, Campbell EJ, Thiim M, et al. E-consults in gastroenterol-
ogy: An opportunity for innovative care. J Telemed Telecare 2018:
1357633x18781189.
8 Journal of the American Medical Informatics Association, 2019, Vol. 0, No. 0
D
ow
nloaded from
 https://academ
ic.oup.com
/jam
ia/advance-article-abstract/doi/10.1093/jam
ia/ocz185/5588944 by U
niversity of M
assachusetts M
edical School user on 18 N
ovem
ber 2019
66. Wasfy JH, Rao SK, Kalwani N, et al. Longer-term impact of cardiology e-
consults. AmHeart J 2016; 173: 86–93.
67. Schettini P, Shah KP, O’Leary CP, et al. Keeping care connected: e-Consul-
tation program improves access to nephrology care. J Telemed Telecare
2019; 25 (3): 142–50.
68. Delaigue S, Bonnardot L, Steichen O, et al. Seven years of telemedicine in
Medecins Sans Frontieres demonstrate that offering direct specialist exper-
tise in the frontline brings clinical and educational value. J Glob Health
2018; 8 (2): 020414.
69. Wootton R, Liu J, Bonnardot L. Embedding telemedicine quality assur-
ance within a large organisation. Eur Res Telemed 2016; 5 (2): 55–63.
70. Golberstein E, Kolvenbach S, Carruthers H, Druss B, Goering P. Effects of
electronic psychiatric consultations on primary care provider perceptions
of mental health care: survey results from a randomized evaluation.
Healthcare 2018; 6 (1): 17–22.
71. Olayiwola JN, Potapov A, Gordon A, et al. Electronic consultation impact
from the primary care clinician perspective: outcomes from a national
sample. J Telemed Telecare 2018; 1357633x18784416.
72. Lee RH, Pearson M, Lyles KW, Jenkins PW, Colon-Emeric C. Geo-
graphic scope and accessibility of a centralized, electronic consult
program for patients with recent fracture. Rural Remote Health 2016;
16 (1): 3440.
73. Garrido MM, Kelley AS, Paris J, et al. Methods for constructing and
assessing propensity scores. Health Serv Res 2014; 49 (5): 1701–20.
74. Angrist JD, Imbens GW, Rubin DB. Identification of causal effects using
instrumental variables. J Am Stat Assoc 1996; 91 (434): 444–55.
75. Tuot DS, Liddy C, Vimalananda VG, et al. Evaluating diverse electronic
consultation programs with a common framework. BMC Health Serv Res
2018; 18 (1): 814.
76. Centers for Medicare & Medicaid Services, Payment Policies Under the
Physician Fee Schedule and Other Revisions to Part B for CY 2019; Fede-
ral Register 2019; 83 (226): 59452. https://www.federalregister.gov/docu-
ments/2018/11/23/2018-24170/medicare-program-revisions-to-payment-
policies-under-the-physician-fee-schedule-and-other-revisions. Accessed
July 15, 2019.
77. Association of American Medical Colleges. CORE: Coordinating Optimal
Referral Experiences. https://www.aamc.org/initiatives/core2/. Accessed
July 15, 2019.
78. AristaMD. https://www.aristamd.com/. Accessed July 15, 2019.
79. RubiconMD. https://www.rubiconmd.com/. Accessed July 15, 2019.
Journal of the American Medical Informatics Association, 2019, Vol. 0, No. 0 9
D
ow
nloaded from
 https://academ
ic.oup.com
/jam
ia/advance-article-abstract/doi/10.1093/jam
ia/ocz185/5588944 by U
niversity of M
assachusetts M
edical School user on 18 N
ovem
ber 2019
